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Abstract
Background: The invasion and metastases of gastric
cancer (GC) depends on the activities of matrix metal-
loproteinases and tissue inhibitors of metalloprotein-
ases. It was suggested that the concentration of
plasma matrix metalloproteinase-9 (MMP-9) is better
than the concentration of serum MMP-9 for prediction
of evolution of GC. The aim of the present study was
to compare the clinical usefulness of plasma and
serum tissue inhibitor of metalloproteinases-1 (TIMP-
1) in the diagnosis and prognosis of GC.
Methods: Plasma and serum concentrations of TIMP-1,
MMP-9 and carcinoembryonic antigen (CEA) were
assayed in 73 patients with GC and 61 healthy con-
trols. The diagnostic criteria and prognostic value for
the measurands were defined.
Results: Plasma and serum TIMP-1, MMP-9 and CEA
were significantly higher in GC patients compared
with healthy controls. The area under the ROC curve
(AUC) (0.961), diagnostic sensitivity (89%) and accu-
racy (91%) of plasma TIMP-1 were higher than those
for MMP-9 and CEA. An increased pre-treatment con-
centration of plasma TIMP-1 was a significant inde-
pendent prognostic factor for the survival of patients
with GC.
Conclusions: These findings suggest that the plasma
TIMP-1 is a better biomarker than the serum TIMP-1
and might be useful for the diagnosis of GC and prog-
nosis of patient survival.
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Introduction
Gastric cancer (GC) belongs to a group of high-
mortality malignant tumors of the gastrointestinal
tract. The overall long-term survival rate for patients
with GC is estimated at -15% in Western countries
(1). The rapid invasion and metastasis of the tumor
are the main causes for the poor prognosis. Tumor
invasion is a complex, dynamic, multi-step process,
involving the detachment of cancer cells from the
point of origin, traversal through the extracellular
matrix (ECM) and basement membranes, and inva-
sion into lymphatic vessels. The processes of distant
metastases involves intra- and extravasation of
cancer cells, reimplantation, formation of stroma and
angiogenesis. This process results in formation of a
secondary tumor at a distant site (2).
The aggressive growth and metastases of GC may
be the result of degradation of the basement mem-
brane which depends on the activities of matrix
metalloproteinases (MMPs) and tissue inhibitors of
these enzymes tissue inhibitor of metalloproteinases
(TIMPs) (3). MMPs belong to the family of structurally,
related zinc-dependent endopeptidases and are capa-
ble of degrading all the components of ECM (4). The
tissue inhibitors of MMPs play an important role in
the severity of matrix degradation (5). Enhanced tis-
sue expression of MMP-9 has been observed in vari-
ous malignant tumors, including lung (6), breast (7),
esophagus (8), gastric (9, 10), pancreatic (11) and
colorectal (12). Some investigations have proven that
the expression of MMP-9 (13) and TIMP-1 (14) in GC
tissue correlated with tumor invasion and lymph node
metastases, and was related to the more aggressive
phenotype of this tumor (15).
Increased concentrations of MMP-9 or TIMP-1 have
been found in the sera of patients with GC (9, 16–18).
Wu et al. suggested that plasma MMP-9 measure-
ment had an advantage over serum MMP-9 deter-
mination in prediction of the development and
progression of GC (19). However, little is known about
plasma concentrations of TIMP-1 in GC patients in
comparison with serum concentrations of TIMP-1. It
is important to establish whether the differences
between serum and plasma samples influence the
diagnostic and prognostic values of TIMP-1.
The aim of the present study was to compare the
usefulness of plasma and serum TIMP-1 as a biomar-
ker in the diagnosis and prognosis of GC. Addition-
ally, serum and plasma concentrations of MMP-9 and
the tumor marker carcinoembryonic antigen (CEA)
were determined. Serum and plasma concentrations
of the measurands were correlated with clinicopatho-
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Table 1 Median (range) of plasma MMP-9, TIMP-1 and CEA in patients with GC.
Group tested Plasma MMP-9, p-Value Plasma TIMP-1, p-Value Plasma CEA, p-Value
ng/mL ng/mL ng/mL
GC patients 161 (38–1982) -0.001a 142 (64–426) -0.001a 1.6 (0.0–90.7) -0.001a
Control group 101 (29–578) 73 (48–119) 0.6 (0.0–4.3)
Tumor stage
IbqII 137 (44–763) 0.164 125 (73–333) 0.052 1.3 (0.3–8.4) 0.534
III 123 (59–500) 130 (97–226) 1.5 (0.3–90.7)
IV 175 (38–1982) 158 (64–426) 1.7 (0.0–26.7)
aStatistically significant when p-0.05. MMP-9, matrix metalloproteinase-9; TIMP-1, tissue inhibitor of metalloproteinases-1;
CEA, carcinoembryonic antigen; GC, gastric cancer.
logical features of GC. We defined the diagnostic cri-
teria such as the diagnostic sensitivity, accuracy and
areas under the receiver operating characteristic
(ROC) area under the ROC curve (AUC) for all the pro-
teins tested, and assessed the potential clinical sig-
nificance of these measurands as biomarkers in the
diagnosis and prognosis of GC.
Materials and methods
A total of 134 subjects were included in the study: 73 pre-
viously untreated GC patients (23 women and 50 men, aged
28–84 years) diagnosed between April 2003 and May 2008,
who underwent surgery at the Second General Surgery
Department of the Bialystok Medical University Hospital. We{
also studied 61 healthy volunteers (49 women and 12 men,
aged 21–69 years). Subjects who had suffered a heart attack
or heart failure were not included in the study. Arterial
hypertension was observed in 18 cancer patients and
diabetes in six patients with GC. The diagnosis of GC was
confirmed by microscopic examination of material obtained
during biopsy and/or surgery. Assessment of the stage of
cancer was based on routine postoperative histopathological
analysis and clinical assessment, according to the standard
tumor-nodulus-metastases (TNM) classification. Tumors
were classified according to the 5th International Union
Against Cancer (20): eight cancer patients were in stage Ib,
nine patients in stage II, seven patients in stage IIIa, 15
patients in stage IIIb and 34 patients in stage IV.
For statistical analysis, all patients were divided into three
groups based on infiltration of the stomach wall (T factor:
T2 – 13 patients, T3 – 33 patients and T4 – 27 patients), four
groups based on nodal involvement (N factor: N0 – 17
patients, N1 – 10 patients, N2 – 16 patients, N3 – 30
patients), and two groups based on the presence of distant
metastases (M factor: M0 – 45 patients and M1 – 28
patients). Patients were observed for 48 months. Thirty-five
died of cancer during the observation period. The study was
approved by the Human Care Committee of the Medical
University in Bialystok. Informed consent was obtained from{
all patients entered into the study.
Blood samples were collected from all patients prior to
treatment. None of the patients with GC had received
chemo- or radiotherapy before blood collection. Plasma
samples from the patients and healthy controls were
collected into heparinized sample tubes and centrifuged.
To standardize clotting conditions, all sera were separated
within 1 h after blood collection. All samples were stored
at –808C until analysis.
Serum and plasma concentrations of MMP-9 and TIMP-1
were measured using an enzyme-linked immunosorbent
assay (ELISA) (R&D Systems, Abingdon, England) according
to the manufacturer’s instructions (catalog numbers DMP900
and DTM100, respectively). Samples were diluted 100-fold
prior to analysis. Serum and plasma concentrations of CEA
were measured using a microparticle enzyme immunoassay
(MEIA, catalogue number 7A47-20) (Abbott, Chicago, IL,
USA).
The cut-off values for CEA serum and plasma concentra-
tions (the 95th percentile) were established previously in our
department by examining blood of healthy volunteers and
were 4.0 ng/mL (21). The cut-off points for serum (613
ng/mL) and plasma concentrations (96 ng/mL) of MMP-9
and TIMP-1 (186 ng/mL and 97 ng/mL, respectively) were
determined using Microsoft Office Excel software (Microsoft
Corporation, Redmond, WA, USA). In the ROC report gener-
ated by this program, the cut-off value corresponding to the
highest accuracy (minimal false-negative and false-positive
results) is indicated by the large dots on the graph.
The results obtained did not follow a normal distribution.
Therefore, non-parametric statistical analyses were used.
Stages Ib and II were analyzed as one group (stage IbqII),
whereas stages IIIa and IIIb were analyzed as stage III due to
the small number of patients in the subgroups. The Mann-
Whitney U-test was used to compare the two groups in each
category (controls vs. GC patients; M0 vs. M1 group; the
group of patients who survived vs. patients who died from
GC). Differences between other groups (e.g., stage Ib, II, IIIa,
IIIb, IV; or stage IbqII, III, IV; or T2, T3, T4; or N0, N1, N2,
N3) were compared using ANOVA (Kruskal-Wallis tests). If
significant differences were found, the post hoc Dwass-
Steele-Critchlow-Fligner test was performed to determine
which groups were different. The prognostic significance of
the proteins that were tested was estimated using multiva-
riate analyses with Cox’s proportional hazards model. The
data are presented as median and range. The differences
were considered as statistically significant with p-0.05.
Additionally, diagnostic criteria such as diagnostic sensitivi-
ty, accuracy and AUC were calculated for all proteins. Statis-
tical analyses were performed using the STATISTICA 5.1 PL
program (StatSoft Inc., Tulsa, OK, USA). Diagnostic criteria
and ROC curves were calculated using Med-Calc statistical
software (MedCalc Software, Mariakerke, Belgium) and
Microsoft Office Excel program.
Results
The medians and ranges of MMP-9, TIMP-1 and CEA
plasma concentrations are presented in Tables 1 and 2.
The concentrations of all proteins tested in patients
with GC were significantly higher than those seen in
healthy subjects. The plasma concentrations of TIMP-
1 correlated to depth of tumor invasion (T factor), and
were the highest in the T4 subgroup. The plasma con-
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Table 2 Median (range) of plasma MMP-9, TIMP-1 and CEA in patients with GC in relation to clinicopathological features
of tumor.
Group tested Plasma MMP-9, p-Value Plasma TIMP-1, p-Value Plasma CEA, p-Value
ng/mL ng/mL ng/mL
Gastric wall invasion
T2 175 (59–763) 0.156 121 (64–333) 0.032a 1.6 (0.3–10.5) 0.786
T3 125 (44–1982) 137b (73–226) 1.6 (0.3–90.7)
T4 183 (38–513) 165 (90–426) 1.6 (0.0–26.7)
Nodal metastases
N0 170 (44–763) 0.496 145 (73–333) 0.022a 1.5 (0.4–8.4) 0.307
N1 105 (59–500) 127 (77–262) 1.3 (0.3–38.8)
N2 155 (59–396) 115c (64–262) 1.3 (0.0–14.7)
N3 170 (38–1982) 163 (102–426) 2.1 (0.1–90.7)
Distant metastases
M0 125 (44–763) 0.013a 131 (73–333) 0.006a 1.4 (0.0–90.7) 0.586
M1 209 (38–1982) 163 (64–426) 1.7 (0.1–26.7)
Survival of patients
Alive 136 (44–763) 0.196 127 (73–333) 0.003a 0.4 (0.3–38.8) 0.145
Died from GC 174 (38–1982) 165 (64–426) 1.8 (0.0–90.7)
aStatistically significant when p-0.05; bstatistically significant in comparison with T4 (Dwass-Steele-Critchlow-Fligner test);
cstatistically significant in comparison with N3 (Dwass-Steele-Critchlow-Fligner test). MMP-9, matrix metalloproteinase-9;
TIMP-1, tissue inhibitor of metalloproteinases-1; CEA, carcinoembryonic antigen; GC, gastric cancer.
Table 3 Median (range) of serum MMP-9, TIMP-1 and CEA in patients with GC.
Group tested Serum MMP-9, p-Value Serum TIMP-1, p-Value Serum CEA, p-Value
ng/mL ng/mL ng/mL
GC patients 669 (125–2117) -0.001a 223 (121–590) -0.001a 1.6 (0.1–120.3) -0.001a
Control group 397 (76–2696) 163 (106–276) 0.7 (0.1–3.9)
Tumor stage
IbqII 413b (125–1374) 0.019a 200 (121–423) 0.047a 1.8 (0.4–6.9) 0.516
III 644 (286–2117) 203 (122–323) 1.3 (0.3–120.3)
IV 756 (206–2070) 238 (145–590) 1.6 (0.1–25.5)
aStatistically significant when p-0.05; bstatistically significant in comparison with stage IV (Dwass-Steele-Critchlow-Fligner
test). MMP-9, matrix metalloproteinase-9; TIMP-1, tissue inhibitor of metalloproteinases-1; CEA, carcinoembryonic antigen;
GC, gastric cancer.
centrations of MMP-9, TIMP-1 and CEA were found to
be higher in the subgroup of N3 patients than those
in the N1 and N2 stages, but these differences were
significant only for TIMP-1. Plasma MMP-9 and TIMP-
1 concentrations were significantly higher in the M1
subgroup than in patients without distant metastases.
Moreover, plasma concentrations of all the proteins
tested were increased in the subgroup of GC patients
who died from cancer during the observation period,
although the differences were statistically significant
for TIMP-1 only.
The concentrations of MMP-9, TIMP-1 and CEA in
the sera of patients with GC are presented in Tables
3 and 4. The concentrations of these markers in
patients with GC were significantly higher than in
healthy controls. Furthermore, serum concentrations
of all the proteins were significantly higher than the
corresponding plasma concentrations in both GC
patients and healthy subjects. Serum MMP-9 and
TIMP-1 increased with tumor stage and were highest
in patients with stage IV tumors. We found that two
stage IV patients with diabetes had serum concentra-
tions of TIMP-1 that were significantly higher than
those in patients without diabetes.
The results obtained for the serum concentrations
of proteins were similar to plasma concentrations
with respect to depth of tumor invasion (T factor) and
distant metastases (M factor). Serum TIMP-1 was
significantly higher in the T4 subgroup than in T3
patients. In addition, the concentrations of MMP-9 and
TIMP-1 in the sera of GC patients were significantly
higher in the M1 subgroup than in patients without
distant metastases. Serum concentrations of all
proteins were higher in GC patients who died from
cancer compared with those who survived, although
the differences were not statistically significant.
The correlation between pre-treatment concentra-
tions of MMP-9, TIMP-1, CEA and prognosis of
patients with GC was evaluated using the method of
Kaplan and Meier (22). Univariate analysis revealed
that the stage of the disease TNM, depth of tumor
invasion (T), lymph node metastases (N), distant
metastases (M) and plasma or serum concentrations
of TIMP-1 were statistically significant prognostic
factors (Table 5). Multivariate regression analysis with
Cox’s proportional hazards model included only fac-
tors which were significant in the univariate analysis.
It was found that tumor stage (ps0.003, ORs6.719)
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Table 4 Median (range) of serum concentrations of MMP-9, TIMP-1 and CEA in patients with GC in relation to clinicopatho-
logical features of tumor.
Group tested Serum MMP-9, p-Value Serum TIMP-1, p-Value Serum CEA, p-Value
ng/mL ng/mL ng/mL
Gastric wall invasion
T2 502 (125–1374) 0.242 200 (144–423) 0.047a 1.8 (0.4–11.9) 0.718
T3 638 (135–2117) 210b (121–323) 1.5 (0.1–120.3)
T4 737 (206–2070) 243 (145–590) 1.6 (0.5–25.5)
Nodal metastases
N0 444 (125–1374) 0.131 213 (121–423) 0.060 1.4 (0.1–6.9) 0.175
N1 606 (251–2117) 202 (144–338) 1.2 (0.6–40.6)
N2 654 (264–2070) 197 (122–281) 1.4 (0.3–18.5)
N3 743 (206–2044) 238 (145–590) 2.2 (0.6–120.3)
Distant metastases
M0 622 (125–2117) 0.004a 203 (121–423) 0.002a 1.7 (0.3–120.3) 0.725
M1 943 (206–2070) 249 (145–590) 1.5 (0.1–25.5)
Survival of patients
Alive 572 (135–2117) 0.154 207 (121–423) 0.107 1.3 (0.1–40.6) 0.085
Died of GC 737 (125–2070) 234 (144–590) 2.0 (0.5–120.3)
aStatistically significant when p-0.05; bstatistically significant in comparison with T4 (Dwass-Steele-Critchlow-Fligner test).
MMP-9, matrix metalloproteinase-9; TIMP-1, tissue inhibitor of metalloproteinases-1; CEA, carcinoembryonic antigen; GC,
gastric cancer.
Table 5 Results of Cox’s univariate analysis in patients
with gastric cancer.
Odds ratio p-Value
Tumor stage -0.001a
Tumor size (T factor) 0.003a
T3 vs. T2 1.099 0.876
T4 vs. T2 3.823 0.018a
N factor 0.001a
N1 vs. N0 0.796 0.843
N2 vs. N0 2.632 0.187
N3 vs. N0 7.608 0.001a
M factor 6.350 -0.001a
Plasma MMP-9 1.000 0.549
Plasma TIMP-1 1.010 -0.001a
Plasma CEA 1.002 0.831
Serum MMP-9 1.001 0.107
Serum TIMP-1 1.004 0.034a
Serum CEA 1.003 0.648
aStatistically significant when p-0.05. MMP-9, matrix metal-
loproteinase-9; TIMP-1, tissue inhibitor of metalloproteinas-
es-1; CEA, carcinoembryonic antigen.
Figure 1 Percentage of patients with gastric cancer with
increased concentrations (diagnostic sensitivity) of MMP-9,
TIMP-1 and CEA.
and plasma TIMP-1 concentrations (ps0.002, ORs
1.009) were independent prognostic factors for sur-
vival of patients with GC.
The percentage of increased concentrations of pro-
teins in patients with GC (diagnostic sensitivity) is
shown in Figure 1. The diagnostic sensitivity of serum
and plasma TIMP-1 is higher than that of MMP-9 and
CEA. The frequency of increased concentrations is the
highest for the combination of MMP-9 with TIMP-1
plasma concentrations (97%). Moreover, the plasma
TIMP-1 ROC AUC (0.961) is higher than the AUC for
plasma and serum concentrations of the other mark-
ers (Figures 2 and 3). The accuracy of plasma and
serum concentrations of proteins was also calculated.
It was found that the accuracy of plasma and serum
TIMP-1 (91% and 79%, respectively) was higher than
that of plasma and serum MMP-9 (66% and 69%,
respectively) and CEA (both plasma and serum –
57%).
Discussion
MMPs are involved in the mechanisms of tumor inva-
sion and formation of distant metastases (23). These
proteolytic enzymes can be produced by stromal or
tumoral cells. TIMPs are induced in stromal cells to
control proteinase reactions (24). It was shown that
increased expression of MMPs and TIMPs plays a key
role in invasion and/or metastasis of GC (25). Koyama
suggested that the enhanced cell surface expression
of MMPs and TIMPs on inflammatory cells in GC tis-
sue might be a result of the host’s response that is
induced by tumor (25). Moreover, de Mingo et al. indi-
cated that the tumor tissue concentrations of MMP-9
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Figure 2 The areas under the ROC curves for plasma TIMP-1
(AUCs0.9611; cut-off 97 ng/mL), CEA (AUCs0.7497; cut-off
4.0 ng/mL) and MMP-9 (AUCs0.7045; cut-off 96 ng/mL) in
patients with gastric cancer.
Figure 3 The areas under the ROC curves for serum TIMP-1
(AUCs0.8320; cut-off 186 ng/mL), CEA (AUCs0.7915; cut-off
4.0 ng/mL) and MMP-9 (AUCs0.7141; cut-off 613 ng/mL) in
patients with gastric cancer.
and TIMP-1 in GC were significantly higher than in
non-tumor tissue and related to a more aggressive
phenotype of this tumor (15). However, they did not
assess serum or plasma concentrations of these pro-
teins. Wu et al. found increased concentrations of
plasma MMP-9 in patients with GC (19). It was indi-
cated that the concentration of plasma MMP-9 is more
accurate than serum MMP-9 in the prediction of evo-
lution of GC (19).
The objective of the present study was to investi-
gate plasma and serum TIMP-1 as well as MMP-9 and
CEA in patients with GC. The concentrations of
MMP-9, TIMP-1 and CEA were correlated with clini-
copathological features of GC. In the current study,
serum and plasma concentrations of all proteins test-
ed in GC patients were significantly higher than con-
centrations seen in healthy controls. These observa-
tion are in agreement with the study by Wu et al. (19),
where plasma MMP-9 concentrations were higher in
patients with GC compared with control patients.
They demonstrated that increased plasma MMP-9
correlated significantly with lymph node metastasis
as well as lymphatic and venous invasion (19). In our
study, serum concentrations of MMP-9 increased sig-
nificantly with tumor stage and were higher in
advanced stages (IV) when compared with early stag-
es. Additionally, in the current study, serum and plas-
ma concentrations of MMP-9 were significantly higher
in patients with distant metastases (M1) compared
with the M0 group. Also, we found that the concen-
trations of plasma and serum TIMP-1 increased sig-
nificantly with gastric wall invasion and the presence
of distant metastases. Yoshikawa et al. (26) demon-
strated that plasma TIMP-1 correlated significantly
with tumor stage, lymph node metastases and the
presence of peritoneal and liver metastases, but they
did not measure serum concentrations of this protein.
Wang et al. (17) proved that serum TIMP-1 positively
associated with tumor size, depth of wall invasion,
lymph node metastases, liver metastases, and peri-
toneal seeding, as well as with lymphatic invasion,
perineural invasion, and pathological stage. However,
they did not compare these findings with plasma
TIMP-1 concentrations. In our study, serum concen-
trations of TIMP-1 and MMP-9 were higher than those
in plasma. It is possible that blood sampling and pro-
cessing may influence the concentrations of TIMP-1
and MMP-9. These findings may also be the result of
platelet activation or neutrophil mobilization during
clotting.
Other studies have demonstrated that concentra-
tions of MMP-9 and TIMP-1 increased in patients who
had experienced a heart attack or heart failure or suf-
fered from arterial hypertension and diabetes (27, 28).
In our study, patients who had suffered a heart attack
or heart failure were not included. However, arterial
hypertension was observed in 18 cancer patients
and diabetes was found in six subjects with GC. Two
patients with diabetes had serum concentrations of
TIMP-1 that were significantly higher than those in
patients without diabetes. Therefore, it is important to
take into consideration the influence of diabetes and
hypertension on the concentrations of metalloprotein-
ases and their inhibitors in patients with GC.
We investigated whether concentrations of MMP-9
and TIMP-1 could be useful as prognostic factors in
patients with GC. Univariate analysis showed that
increased plasma and serum TIMP-1, as well as tumor
stage, depth of tumor invasion (T factor), lymph node
(N) and distant metastases (M) were significant
prognostic factors. Multivariate regression analysis
showed that plasma TIMP-1 may be an independent
prognostic factor for survival of patients with GC. As
far as we can ascertain, the present paper is one of
the first studies to evaluate prognostic significance of
serum and plasma concentrations of TIMP-1 in GC
patients in comparison with MMP-9 and CEA. Our
results add to those of Yoshikawa et al. (29), who
showed that plasma TIMP-1 is a strong independent
prognostic factor for the long-term survival of patients
with GC.
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We defined the diagnostic criteria including the
diagnostic sensitivity and the ROC AUC for the mark-
ers we evaluated to assess their potential clinical sig-
nificance for the diagnosis of GC. We found that the
percentage of increased plasma concentrations (diag-
nostic sensitivity) of TIMP-1 (89%) was higher than
that of MMP-9 (79%) and CEA (22%) and increased
with the combined use of TIMP-1 with plasma MMP-9
(97%). In addition, the ROC AUC for plasma TIMP-1
(0.9611) and the diagnostic accuracy (91%) were high-
er than that for the other proteins tested in patients
with GC. These findings suggest that plasma TIMP-1
is the best diagnostic marker for GC among the pro-
teins we evaluated.
In conclusion, this study compared plasma and
serum concentrations of TIMP-1 with MMP-9 and CEA
in patients with GC. The results obtained demonstrate
the potential clinical value of plasma TIMP-1 as a
prognostic factor for the survival of patients with GC
and suggest a greater clinical usefulness for plasma
TIMP-1 compared with serum TIMP-1 or serum or
plasma MMP-9 in the diagnosis of GC.
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